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the colliery, so that if winding can be done economically electricity
has a very good chance of success, and vice versa. The winding
problem is itself a somewhat difficult one. The usual arrangement
is, there are two cages, one of which will be at the bottom of the
shaft with its load of full trams, the other at the top of the shaft
with the empty trams. When the wind is started, sufficient energy
must be present to move the load at the shaft bottom from rest, to
lift the weight of the wire rope attached to the cage, to overcome the
inertia of the winding dram and the winding engine itself, and to
furnish the power required for acceleration. As the wind proceeds
the weight of the ascending rope becomes less, while that of the
descending rope becomes greater, and the descending cage is acquir-
ing momentum every instant, till at a certain period of the wind
the momentum of the descending cage is sufficient to perform the
remainder of the work involved in raising the ascending cage to
the bank. Any one who watches a steam winding engine at work,
particularly if it exhausts into the atmosphere, will notice that
considerable power is exerted when the wind commences, that it
gradually decreases, and some sensible time before the ascending
cage arrives at the bank, steam has been completely cut off from the
engine. Part of this difficulty has been overcome by what is known
as the " Koepe" system, in which a balance rope is employed. A
wire rope is attached to the under side of both cages, the loop passing
under a pulley in the sump at the bottom of the shaft. The winding
is performed also by a single rope, the ends of which are attached to
the upper sides of the cages, the driving being performed by a friction
pulley, or similar arrangement, so that the engine has only to over-
come the friction of the whole apparatus, and to raise the net load
of the mineral.

The Sources of Waste in Winding
One great source of waste in connection with winding engines is
condensation of steam. As explained above, steam is shut off in
the great majority of winding engines several strokes before the
completion of the wind, and the engine stands without steam in its
cylinder while the cages are being unloaded and reloaded. Further,
the raising of mineral usually only occupies from eight to ten hours
of the day, while the winding engine must be ready to raise or lower
men, timber, tools, horses, etc., at any time during the remainder of
the twenty-four hours. During the period the engine is standing
condensation goes on very rapidly.
Though a very large effort has to be exerted by the steam engine
when the wind commences, that is to say, when the cage is first